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EFFICIENT SOLID-STATE LIGHT EMITTING DEVICE WITH 



EXCITED PHOSPHORS FOR PRODUCING A VISIBLE LIGHT OUTPUT 

BACKGROUND OF THE INVENTION 
5 This invention relates to light emitting devices, and more particularly, to light 

emitting devices for use in displays or the like that excite one or more phosphors to produce 
a light output. 

Currently there are many types of hght emitting devices that are on the market. One 
of the original light emitting devices is a cathode ray tube. Cathode ray tubes have been used 
1 0 for many years in television and computer monitor applications. 

Another type of light emitting device is a liquid crystal display (LCD). Due in part 
to its lower energy consumption and the lack of the need for an ultra-high vacuum 
environment, the LCD is widely used in portable computers and other special purpose 
applications, such as watches, calculators, and instrument panels. A limitation of an LCD 
15 is that back or external lighting is typically required. Further, some display characteristics 
such as color, brightness, and contrast can be viewing angle dependent. 

Another type of hght emitting device is a plasma display (PD). A conventional PD 
device includes a gaseous plasma UV source and a phosphor screen. The gaseous plasma 
UV source is used to excite the phosphors in the phosphor screen, which then produce the 
2 0 visible light output. A limitation of a PD device is that typical gaseous plasma UV sources 
require a vacuum environment and high voltages. 

Another type of light emitting device is a field emitter display (FED) device. Like 
a PD device, a FED device excites phosphors to produce a visible hght output. However, 
unlike a PD device, the FED device uses a field induced electron emission. Field induced 
2 5 electron emission can typically only be accomplished in a vacuum environment. Thus, like 



a PD device, the FED device requires a vacuum environment. 

Another type of light emitting device is an electroluminescence (EL) device. Like 
the PD and FED devices, an EL device excites phosphors to produce a visible Ught output. 
Unlike the PD and FED devices, however, the EL device excites the phosphor using direct 
5 injection of current. Direct injection of current does not require a vacuum environment. 
However, EL devices typically have a limited color emission spectrum. 

An improved light emitting device is disclosed in WO 97/48138 to Mensz et al. 
Mensz et al discloses a solid-state GaN-based UV Light Emitting Diode (LED) that provides 
a UV radiation to a phosphor layer. The UV LED excites the phosphor layer to produce a 

1 0 visible light output. Mensz et al. has a number of advantages over the LED, PD, FED and 
EL type devices. First, Mensz et al. do not require back or external hghting, as required by 
LCD type devices. Further, Mensz et al. does not require a vacuum and/or high voltage 
power source, as required by PD and FED type devices. Finally, the solid-state GaN-based 
UV LED with excited phosphors of Mensz et al. may provide a wider range of colors than 

15 an EL type device. 

A limitation of Mensz et al. is that a significant amount of UV radiation may not be 
converted to visible light. In some embodiments, a substantial amount of UV radiation is 
not directed at the phosphor layer. This may reduce the efficiency of the device. Also, some 
of the UV radiation that actually enters the phosphor passes through the phosphor and out 

2 0 of the other side, without exciting the phosphor. This pass-through UV radiation also 
reduces the efficiency of the device. Further, in an array of devices, the UV radiation 
escaping fi*om one device can impinge on the phosphors of neighboring devices, causing 
unwanted emission of visible light from the neighboring devices. This optical cross talk is 
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undesirable in many display applications, 

SUMMARY OF THE INVENTION 
The present invention overcomes many of the disadvantages of the prior art by 
providing a more efficient solid-state light emitting device that excites phosphors to produce 
5 a visible light output. To accomplish this, the present invention contemplates providing a 
reflector adjacent to the phosphor layer for reflecting at least some of the UY radiation that 
passes through the phosphor, back into the phosphor. The reflector may also reflect at least 
some of the visible hght that is emitted by the phosphor toward a designated light output. 
In another embodiment, the radiation source is at least partially surrounded by the visible 

1 0 light emitting phosphor. This configuration may cause more of the radiation that is emitted 
from the active region to reach and interact with the phosphor material. 

In one illustrative embodiment of the present invention, a visible hght-emitting 
phosphor layer is positioned between a radiation source and a reflector. The radiation source 
is preferably a UV Ught emitting diode (LED), which is formed on a transparent substrate. 

15 The reflector is positioned above the phosphor layer, and reflects at least some of the 
radiation that passes through the phosphor, back into the phosphor. The reflector may also 
reflect at least some of the visible light that is emitted fi-om the phosphor toward the 
transparent substrate for viewing. In some embodiments, the reflector may also be 
conductive and serve as both a reflector and an interconnect layer to the radiation source. 

2 0 In a second illustrative embodiment of the present invention, the radiation source has 

an active region that is at least partially surrounded by a visible hght emitting phosphor. 
When properly biased, the active region provides an excitation radiation to the visible hght 
emitting phosphor. Because the active region is at least partially surrounded by the visible 
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light emitting phosphor, more of the radiation that is emitted by the active region is allowed 
to interact with, and thus excite, the phosphor material. This helps increase the overall 
efficiency of the light emitting device. 

To surround the active region with a visible light emitting phosphor, the radiation 
5 source may have a column-shaped portion with a top surface and one or more side walls. 
The active region is located somewhere in the column-shaped portion. The phosphor layer 
is then provided around the one or more side walls of the column-shaped portion, thereby 
surrounding at least part of the circumference of the active region. A reflector may be 
provided over and around the phosphor layer to help improve the efficiency of the device. 

10 It is contemplated that the above visible light emitting devices may be provided in 

an array configuration to form a display. In such a display, an array of phosphor segments, 
each including one or more excitable, visible light-emitting phosphors, may be positioned 
adjacent to a corresponding array of radiation sources. The radiation sources preferably can 
be individually addressed via a number of row and column contact layers. Accordingly, the 

1 5 radiation sources can be controlled to provide radiation to only selected phosphor segments. 
The row or column contact layer may also serve as a reflector adjacent to each of the 
phosphor segments. In the embodiment where the radiation source has a column-shaped 
portion with a top surface and one or more side walls, it is contemplated that the reflector 
may extend over and around the phosphor layer. This may reduce the UV radiation produced 

2 0 in one pixel from impinging on the phosphors of a neighboring pixel, which translates into 
reduced optical cross talk between pixels. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Other objects of the present invention and many of the attendant advantages of the 
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present invention will be readily appreciated as the same becomes better understood by 
reference to the following detailed description when considered in connection with the 
accompanying drawings, in which like reference numerals designate like parts throughout 
the figures thereof and wherein: 
5 Figure 1 is a partial cut-away perspective view of an illustrative sohd-state UV light 

emitting device with one or more excitable, visible light-emitting phosphors in accordance 
with the present invention; 

Figure 2 is a partial cut-away perspective view of an array of solid-state UV light 
emitting devices of Figure 1; 
1 0 Figure 3 is a partial cut-away perspective view of another illustrative solid-state UV 

light emitting device, with the active region of the UV LED laterally surrounded by one or 
more excitable, visible Hght-emitting phosphors for increased efficiency; 

Figure 4 is a schematic diagram showing an illustrative UV LED device having a 
single quantum well; 

1 5 Figure 5 is a schematic diagram showing another illustrative UV LED device having 

multiple quantum wells; and 

Figure 6 is a schematic diagram showing an illustrative UV mirror. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Figure 1 is a partial cut-away perspective view of an illustrative sohd-state UV light 
2 0 emitting diode (LED) with one or more excitable, visible hght-emitting phosphors. The UV 
LED is constructed from a P-AlGaN layer 20, an N-AlGaN layer 22, and an active region 
24 situated therebetween. The active region 24 may include a GaN/AlGaN double hetero- 
structure or multiple quantum wells, as more fully described below. The UV LED is 
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preferably grown on a transp^ent substrate 26 made from sapphire or the Uke. In a preferred 
embodiment, the N-AlGaN layer 22, the active region 24, and part of the P-AlGaN layer 20 
are etched away to provide side walls 34A and 34B. 

A phosphor coating 30 is provided on the top surface 32 of the UV LED, and may 
5 cover the side walls 34A and 34B as well. When excited by UV radiation, the phosphor 
coating preferably produces a visible light emission having a red, green, or blue color. A 
metal reflector 36 is then provided on top of the phosphor coating 30, as shown, and 
preferably down the sides of the phosphor coating 30. The side portions 37A and 37B of the 
reflector provide optical isolation between adjacent pixels in an array. 
1 0 The reflector 36 reflects at least some of the UV radiation that is passed through the 

phosphor coating 30, back into the phosphor coating 30. The reflector 36 also reflects at 
least some of the visible hght that is emitted by the phosphor coating 30 toward the 
transparent substrate 26 for viewing. Accordingly, the reflector 36 increases the efficiency 
of the device. 

15 The enhanced phosphor efficiency provided by the reflector may allow thinner 

phosphor layers to be used, thus reducing the fabrication costs by simplifying the processes 
of deposition and patterning subsequent layers over the topography of the patterned 
phosphors. The increased efficiency provided by the reflector may also allow less efficient 
phosphors to be used. Less efficient phosphors may have reduced costs or improved spectral 

2 0 characteristics. The improved efficiency made possible by the reflector may also allow 
alternative UV emitting materials to be used. While these altemative UV emitting materials 
may have less UV emission intensity or lower energy UV photons, they may be less 
expensive to fabricate. Finally, it is contemplated that the reflector may be used to 
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hermetically seal the phosphors, allowing the use of phosphors that are sensitive to 
atmospheric degradation. 

It is contemplated that a UV mirror 46 may be provided below the active region 24. 
The UV mirror 46 may be tuned to allow the visible light to pass therethrough to the 
5 transparent substrate 26, but to reflect the UV radiation emitted by the active region 24. 
Accordingly, the UV radiation is effectively trapped between the UV mirror 46 and the 
reflector 36. As a result, more of the UV radiation will eventually interact with the phosphor 
coating to produce visible light. It is contemplated that the UV mirror may be a Distributed 
Bragg Reflector (DBR) formed from a number of GaN/AlGaN quarter wave stacks, grown 
1 0 prior to the formation of the P-N junction, as more fully described with reference to Figure 
6. 

To reduce the overall size of the device, the reflector 36 may be conductive and may 
provide an electrical connection to at least one terminal of the UV LED. It is contemplated 
that the reflector 36 may be made from aluminum, which reflects most of the UV and the 

15 visible Ught, and is also conductive. In the embodiment shown, the reflector 36 serves to 
provide an electrical connection to the P-AlGaN layer (first contact region) via a P-ohmic 
contact 38. Thus, the reflector 36 serves as a bus line in one direction (column). The bus 
line in the other direction (row) may be provided by a metal stripe 40, which is shown 
overlapping the reflector 36 above the UV LED. An N-ohmic contact 50 is provided on the 

2 0 top surface of the N-AlGaN layer 22 in an open region that does not include the phosphor 
layer 30 and the reflector 36. The metal strip 40 serves to provide an interconnection to the 
N-AlGaN layer (second contact region) via the N-ohmic contact 50. The first and second 
metal layers 36 and 40 are separated by an insulating layer 42 (e.g. SiOs). 
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Figure 2 shows an interconnected pixel array of the UV LED devices of Figure 1 . 
The array includes an array of phosphor segments 60 A, 60B, and 60C, each including one 
or more excitable, visible Ught-emitting phosphors. The array of phosphor segments 60A, 
60B, and 60C is positioned adjacent to a corresponding array of UV LED radiation sources 
5 62A, 62B, and 62C. The radiation sources 62A, 62B, and 62C selectively provide radiation 
to the corresponding phosphor segments 60A, 60B, and 60C to selectively excite visible hght 
emissions therefrom. 

Each of the radiation sources 62A, 62B, and 62C has a first contact region and a 
second contact region. A number of row contact layers 64A, 64B, and 64C are provided, 

1 0 wherein each row contact layer electrically connects the first contact regions 65 A and 65B 
of the radiation sources that are associated with a corresponding row in the array. Likewise, 
a number of column contact layers 66A, 66B, and 66C are provided, wherein each column 
contact layer 66A, 66B, and 66C is provided over at least part of the phosphor segments 
60A, 60B, and 60C of the radiation sources that are associated with a corresponding column. 

15 The column contact layers 66A, 66B, and 66C also electrically connect the first contact 
regions 68A and 68B of each radiation source that is associated with a corresponding 
column. As indicated above, it is contemplated that the column contact layers 66A, 66B, and 
66C are reflective to reflect at least some of the UV radiation and/or visible light rays that 
exit from the corresponding phosphor segments 60A, 60B, and 60C, back into the phosphor 

2 0 segments 60A, 60B, and 60C. 

In view of the foregoing, the phosphor layers 60 A, 60B, and 60C may be elongate 
phosphor strips having a length and a width, wherein the length is aligned with the radiation 



-8- 



devices that are associated with a common column in the array. Alternatively, the phosphor 
strips may be individual phosphor segments, as shown in Figures 1-2. 

Likewise, the column contact layers 66A, 66B, and 66C, may be elongate strips 
having a length and a width, wherein the length is ahgned with the radiation devices that are 
5 associated with a common column in the array. Alternatively, it is contemplated that the 
colimm contact layers 66A, 66B, and 66C, may include a number of individual contact 
segments. Finally, the row contact layers 64A, 64B, and 64C, may be elongate strips having 
a length and a width, wherein the length is aligned with the radiation devices that are 
associated with a common row in the array. Alternatively, it is contemplated that the row 

1 0 contact layers 64A, 64B, and 64C, may include a number of individual contact segments. 

To form a display, each row 64A, 64B, and 64C, may include a phosphor that 
produces a different color of visible hght. That is, the phosphor layer 60A for a first row 
64A of UV LEDs may emit a red visible light. The phosphor layer 60B for a second row 
64B of UV LEDs may emit a green visible hght. Finally, the phosphor layer 60C for a third 

1 5 row 64C of UV LEDs may emit a blue visible hght. Accordingly, the color of the resulting 
display can be controlled by selectively turning on the appropriate UV LEDs in the array. 

Figure 3 is a partial cut-away perspective view of another illustrative solid-state UV 
light emitting device, with the active region of the UV LED laterally surrounded by one or 
more excitable, visible light-emitting phosphors for increased efficiency. In this 

2 0 embodiment, the radiation source has an active region 80 that is surrounded by a visible light 
emitting phosphor 82. When properly biased, the active region 80 provides the excitation 
radiation to the visible hght emitting phosphor 82. Because the active region 80 is 
substantially surroimded by the visible hght emitting phosphor 82, more of the radiation is 
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allowed to interact with, and thus excite, the phosphor material 82. This helps make the 
device more efficient. 

The radiation source preferably has a column-shaped portion with a top surface 84 
and one or more side walls 86A and 86B. The active region 80 is preferably located in the 
5 column-shaped portion, as shown. An N-AlGaN layer 8 1 has a top portion extending into 
the column-shaped portion, and a bottom portion that extends laterally outward from the one 
or more side walls 86A and 86B. Above the active region 80 is a P-AlGaN layer 87 and a 
P-ohmic contact region 104, 

In the illustrative embodiment, the phosphor layer 82 is provided around the one or 
1 0 more side walls 86A and 86B of the column-shaped portion of the radiation source, thereby 
substantially surrounding at least the circumference of the active region 80. In this 
configuration, only a small fraction of the UV radiation that is emitted by the active region 
80 is not directed at the phosphor layer 82. These wasted rays are indicated by light cones 
90A and 90B. Because the light cones 90A and 90B are relatively narrow, the efficiency of 
1 5 the hght emitting device is increased. 

It is also contemplated that a reflector 92 may be provided over the phosphor layer 
82 to further increase the efficiency of the Ught emitting device. The reflector 92 preferably 
extends over the top surface 94, and at least over a portion of the side walls 96A and 96B of 
the phosphor layer 82. The reflector 92 may be conductive, and may provide an electrical 
2 0 connection to the P-AlGaN layer 87 via a P-GaN ohmic contact 104. An insulating layer 98 
electrically insulates the reflector 92 from the lower N-AlGaN layer 81. 

The embodiment shown in Figure 3 may be particularly suitable for very small pixel 
dimensions applications. That is, because the UV LED is in the form of a narrow column. 
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the lateral dimension of each pixel may be reduced. The UV LED is still able to pump the 
phosphor efficiently, however, because the p-n junction is almost completely surrounded by 
the phosphor. The efficiency is further enhanced by the metal reflector, which may also 
serve as the column bus line as described above. To even further reduce the size of each 
5 pixel, the lower layer 81 of N-AlGaN or N-GaN can be highly doped, and may become 
sufficiently conductive to be used as a bus line in the other direction (e.g. row direction). 

Figures 4-5 show an illustrative solid-state UV LED device that can be used in 
conjunction with the embodiments shown in Figures 1-3. Figure 4 is a schematic diagram 
showing an illustrative UV LED device that has a single quantum well. The illustrative UV 

1 0 LED device includes a lower N-AlGaN layer 1 10, an upper P-AlGaN layer 1 12, and a single 
GaN quantum well layer 1 14 therebetween. The lower N-AlGaN layer 110 preferably has 
an Al mole fraction larger than 0% but less than 50%. The upper P-AlGaN layer 112 
preferably has an Al mole fraction larger than 0% but less than 20%. The single quantum 
well is preferably a GaN quantum well, with a thickness between 20 A and 200 A. 

1 5 Depending on the desired wavelength, it may be beneficial to replace the GaN quantum well 
material with InGaN. The single InGaN quantum well may also have a thickness of between 
20 A and 200 A. 

Finally, a P-GaN ohmic contact layer 116 may be provided to provide a low 
resistance contact to the P-AlGaN layer 112. Likewise, an N-GaN ohmic contact layer may 
2 0 be provided (not shown) to provide a low resistance contact to the N-AlGaN layer 1 10. 

Figure 5 is a schematic diagram showing another illustrative UV LED device that has 
multiple quantum wells. In this embodiment, the lower N-AlGaN layer 120 may have an Al 
mole fi*action larger than 0% but less than 50%. The upper P-AlGaN layer 122 may have an 
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Al mole fraction larger than 0% but less than 20%. The multiple GaN quantum wells 124 
may each have a thickness between 20 A and 200 A, and may be separated by AlGaN barrier 
layer(s) 126 having an Al mole fraction larger than 0% but less 50%. Depending on the 
desired wavelength, it may be beneficial to replace the GaN quantum well material and the 
5 AlGaN barrier layer material with InGaN and InAlGaN, respectively. The InGaN quantum 
wells may each have an Al mole fraction larger than 0%o but less than 10%o, and a thickness 
between 20 A and 200 A. The InGaN barrier layer(s) may have an In mole fraction larger 
than or equal to 0% but less than that in the InGaN quantum wells. 

Figure 6 is a schematic diagram showing an illustrative UV mirror. The illustrative 

1 0 UV mirror may be used in conjunction with any of the embodiments shown and described 
with reference to Figures 1-3. The UV mirror preferably includes a stack of alternating GaN 
and AlGaN layers, each having an optical length of one-fourth of the peak wavelength of the 
UV LED emission. This makes the UV mirror reflective for UV radiation, but relatively 
transmissive for the visible light emitted by the phosphor. In the illustrated embodiment, X 

15 is the UV LED peak wavelength, n^ is the index of refraction of AlGaN, and n2 is the index 
of refraction of GaN at wavelength X. 

Having thus described the preferred embodiments of the present invention, those of 
skill in the art will readily appreciate that the teachings found herein may be applied to yet 
other embodiments within the scope of the claims hereto attached. 
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WHAT IS CLAIMED IS: 

1 . A light emitting device comprising: 

a phosphor layer having two opposing sides including one or more excitable, light- 
emitting phosphors; 

a radiation source positioned adjacent a first one of the two opposing sides of the 
phosphor layer for providing a radiation to excite a light emission from the phosphor layer, 
the radiation source having a first contact region and a second contact region; and 

reflector means provided adjacent a second one of the two opposing sides of the 
phosphor layer for reflecting at least some of the radiation and Ught emission that exits from 
the phosphor layer back into the phosphor layer. 

2. A light emitting device according to claim 1, wherein said reflector means 
comprises a first contact layer positioned over at least part of the phosphor layer, the first 
contact layer being at least partially reflective and at least partially electrically conductive, 
said first contact layer being electrically connected to the first contact region. 

3. A light emitting device according to claim 2, fiirther comprising a second 
contact layer that is electrically connected to the second contact region. 

4. A visible light emitting device comprising: 
a transparent substrate; 

a phosphor layer including one or more excitable, visible hght-emitting phosphors; 
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a radiation source positioned between the transparent substrate and the phosphor 
layer for providing a radiation to excite visible light emission from the phosphor layer, the 
radiation source having a first contact region and a second contact region; 

a first contact layer provided over at least part of the phosphor layer and reflecting 
at least some of the radiation that travels through the phosphor layer back into the phosphor 
layer, the first contact layer being electrically connected to the first contact region; and 

a second contact layer being electrically connected to the second contact region. 

5. A visible hght emitting device according to claim 4, wherein said phosphor 
layer includes one or more UV-excitable, visible hght-emitting phosphors, and said radiation 
source is a UV radiation source emitting ultraviolet radiation. 

6. A visible hght emitting device according to claim 5, further including a UV 
mirror for reflecting UV radiation, the UV mirror being positioned between the UV radiation 
source and the transparent substrate and being at least partially transparent to visible light. 

7. A visible light emitting device according to claim 4, wherein the radiation 
source has a top surface, one or more side walls, and a lower portion that extends laterally 
outward from the one or more side walls, said phosphor layer being positioned between at 
least part of the top surface of the radiation source and the first contact layer. 
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8. A visible light emitting device according to claim 7, wherein the first contact 
layer extends over at least part of the top sxirface and down at least part of selected side walls 
of the radiation source. 

9. A visible light emitting device according to claim 8, wherein the radiation 
source includes a first portion that is of a first conductivity type and a second portion that is 
of a second conductivity type, with an active region therebetween. 

10. A visible Hght emitting device according to claim 9, wherein the first portion 
of the radiation source is at least partially in the region defined by the top surface and the one 
or more side walls of the radiation source, and the second portion is at least partially in the 
lower portion of the radiation source that extends laterally outward from the one or more side 
walls. 

11. A visible hght emitting device according to claim 10, wherein the second 
portion of the radiation source corresponds to the second contact region. 

12. A visible light emitting device according to claim 11, wherein the phosphor 
layer and the first contact layer do not overlap the second portion of the radiation source in 
an open region, said second contact layer making an electrical connection to the second 
portion of the radiation source in the open region. 
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13. A visible light emitting device according to claim 12, wherein the phosphor 
layer is an elongate phosphor strip having a length and a width, the length of the phosphor 
layer aligned with the radiation device in a first direction. 

14. A visible light emitting device according to claim 13, wherein the first contact 
layer is an elongate strip having a length and a width, the length of the first contact layer 
aligned with the elongate phosphor strip. 

15. A visible hght emitting device according to claim 14, wherein the second 
contact layer is an elongate strip having a length and a width, the length of the second contact 
layer aUgned with the radiation device in a second direction, wherein the second direction 
is perpendicular to the first direction. 

16. A visible hght emitting device according to claim 15, wherein the second 
contact layer is positioned above the first contact layer and separated therefrom by an 
insulating layer. 

17. A visible Ught emitting device according to claim 4, wherein the first contact 
layer is formed from, at least in part, aluminum. 

18. A visible light emitting device according to claim 4, wherein the radiation 
source is a GaN-based light emitting diode. 
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19. A visible light emitting device according to claim 18, wherein the transparent 
substrate is formed from, at least in part, sapphire. 

20. A visible light emitting device according to claim 18, wherein one or more 
excitable, visible Hght-emitting phosphors, produces a visible hght emission having a color 
that is selected from the group consisting of red, green, and blue. 

21. A visible Ught emitting device comprising: 
a transparent substrate; 

a phosphor layer including one or more excitable, visible light-emitting phosphors; 

a radiation source positioned between the transparent substrate and the phosphor 
layer for providing a radiation to excite visible light emission from the phosphor layer, the 
radiation source having a first contact region and a second contact region; 

a first contact layer provided over at least part of the phosphor layer and reflecting 
at least some of the visible light emission from the phosphor layer back toward the 
transparent substrate, the first contact layer being electrically connected to the first contact 
region; and 

a second contact layer being electrically connected to the second contact region. 

22. A visible hght emitting device according to claim 21 , wherein said phosphor 
layer includes one or more UV-excitable, visible light-emitting phosphors, and said radiation 
source is a UV radiation source. 



-17- 



23. A light emitting device comprising: 

a radiation source having a first contact region and a second contact region for 
providing radiation, said radiation source having a top surface and one or more side walls; 

a phosphor layer provided adjacent to at least a portion of the one or more side walls 
of the radiation source, the phosphor layer including one or more excitable, light-emitting 
phosphors that produce a Ught emission when excited by the radiation. 

24. A light emitting device according to claim 23, further comprising: 
a transparent substrate positioned below the radiation source; 

a first contact layer for providing an electrical connection to the first contact region 
of the radiation source; and 

a second contact layer for providing an electrical contact to the second contact region 
of the radiation source. 

25. A light emitting device according to claim 24, wherein said phosphor layer 
includes one or more UV-excitable, visible light-emitting phosphors, and said radiation 
source is a UV radiation source. 

26. A hght emitting device according to claim 24, wherein the radiation source 
has a bottom portion that has a first conductivity, a top portion that has a second 
conductivity, and an active region therebetween. 
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27. A light emitting device according to claim 26, wherein the bottom portion has 
a larger base region and an upper column region, the upper column region defining at least 
a lower portion of the one or more side walls of the radiation source. 

28. A light emitting device according to claim 27, wherein the top portion of the 
radiation source defines an upper portion of the one or more side walls of the radiation 
source, 

29. A hght emitting device according to claim 28, wherein the bottom portion of 
the radiation source corresponds to the first contact region of the radiation source. 

30. A hght emitting device according to claim 29, wherein the bottom portion of 
the radiation source is an N-type semiconductor. 

31. A light emitting device according to claim 29, wherein the top portion of the 
radiation source corresponds to the second contact region of the radiation source. 

32. A light emitting device according to claim 31, wherein the phosphor layer 
only extends laterally away from the side walls of the radiation source a selected distance, 
at least in one direction, to define a top wall and one or more side walls. 
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33. A light emitting device according to claim 32, further comprising a first 
contact layer, the first contact layer being provided over at least part of the top wall of the 
phosphor layer. 

34. A light emitting device according to claim 33, wherein the first contact layer 
is provided over at least part of the one or more side walls of the phosphor layer. 

35. A light emitting device according to claim 34, wherein the first contact layer 
is electrically connected to the bottom portion of the radiation source. 

36. A light emitting device according to claim 33, wherein the first contact layer 
reflects UV radiation. 

37. A hght emitting device according to claim 33, wherein the first contact layer 
reflects visible Ught. 

38. A Ught emitting device according to claim 33, wherein the first contact layer 
is formed from, at least in part, aluminum. 

39. A Ught emitting device according to claim 33, fiirther comprising a second 
contact layer, the second contact layer electrically connected to the top portion of the 
radiation source. 
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40. An array of visible light emitting devices, comprising: 
a transparent substrate; 

an array of phosphor segments, each including one or more excitable, visible Ught- 
emitting phosphors; 

an array of radiation sources positioned between the transparent substrate and the 
array of phosphor segments for selectively providing radiation to excite visible light 
emission from corresponding phosphor segments, each of the radiation sources having a first 
contact region and a second contact region; 

a number of column contact layers, each of the column contact layers being provided 
over at least part of the phosphor segments of the radiation sources that lie in a corresponding 
column of the array of radiation sources, the column contact layers reflecting at least some 
of the radiation that exits from the corresponding phosphor segments back into the phosphor 
segments, the column contact layers being electrically connected to the first contact regions 
of the radiation sources that he in the corresponding column; and 

a number of row contact layers, each of the row contact layers being electrically 
connected to the first contact regions of the radiation sources that lie in a corresponding row 
of the array of radiation sources. 

41 . An array of visible light emitting devices according to claim 40, wherein the 
column contact layers also reflect at least some of the visible Ught emission from the 
corresponding phosphor segments. 
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42. An array of visible light emitting devices according to claim 41, wherein 
selected radiation sources of the array of radiation sources have side walls that face adjacent 
radiation sources, said column contact layers extending adjacent at least a portion of selected 
side walls to help reduce optical cross talk between the radiation sources, 

43. An array of visible light emitting devices according to claim 42, wherein 
selected phosphor segments also extend along at least a portion of selected side walls of 
selected radiation sources, between the side walls and the corresponding column contact 
layers. 
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ABSTRACT OF THE DISCLOSURE 



A more efficient solid-state light emitting device in which phosphors excited by 
radiation produce visible light. The efficiency is increased by, for example, providing a 
reflector adjacent to the phosphor layer for reflecting at least some of the radiation that 
5 passes through the phosphor, back into the phosphor. The reflector may also reflect at least 
some of the visible light that is emitted by the phosphor toward a designated light output. 
Alternatively, or in addition to, the lateral edges of the active region of the radiation source 
can be at least partially surrounded by a visible Ught emitting phosphor and a reflector. This 
allows more of the radiation to interact, and thus excite, the phosphor material, making the 
1 0 device more efficient. The reflector also may reduce optical and radiation cross talk between 
adjacent light emitting devices. 
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COMBINED DECLARATTON/POWER OF ATTORNEY FOR PAT ENT APPLICATION 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. I beUeve 
that I am the original, first and sole inventor (if only one name is hsted below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed 
and for which a patent is sought on the invention entitled: EFFICIENT SOLID-STATE LIGHT 
EMITTING DEVICE WITH EXCITED PHOSPHORS FOR PRODUCI NG A VISIBLE LIGHT 
OUTPUT the specification of which (check one): 

XX is attached hereto 



was filed on . 

as U.S. Application 

Serial No. 

and was amended on (if 

apphcable) 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the exammation of this 
application in accordance with Title 37, Code of Federal Regulations, §1. 56(a). 

I hereby claim foreign priority benefit(s) under Title 35, United States Code §119 of any foreign 
application(s) for patent or inventor's certificate listed below and have also identified below any 
foreign application(s) for patent or inventor's certificate having a filing date before that of the 
application on which priority is claimed: 

Prior Foreign Application(s) Priority Claimed 



(Number) (Countiy) (Day/Month/Year Filed) YES NO 

(Number) (Country) (Day/MonthA^ear Filed) YES NO 

(Number) (Country) (Day/Month/Year Filed) YES NO 

I hereby claim the benefit under Title 35, United States Code, §120 of any United States 
apphcation(s) hsted below and, insofar as the subject matter of each of the clauns of this 
application is not disclosed in the prior United States apphcation in the manner provided by the 
first paragraph of Title 35, United States Code, §1 12, 1 acknowledge the duty to disclose material 
information as defined in Titie 37, Code of Federal Regulations, § 1.56(a) which occurred 
between the filing date of the prior apphcation and the national or PCT international filing date 
of this application: 



(Application Serial No.) 



(Filing Date) 



(Status) (patented, pending, abandoned) 



(Application Serial No.) (Filing Date) (Status) (patented, pending, abandoned) 

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attoniey(s) 
and/or agent(s) to prosecute this application and transact all business in the Patent and 
Trademark Office connected therewith. 



David M. Crompton, Reg. No. 36,772; 
Glenn M. Seager, Reg. No. 36,926; 
Brian N. Tufte, Reg. No. 38,638; 
Robert E. Atkinson, Reg. No. 36,433; 
Craig F. Taylor, Reg. No. 40,199; 
Allen W. Groenke, Reg. No. 42,608; 
Ian D. MacKinnon, Reg. No. 34,660; 
John G. Shudy, Jr., Reg. No. 31,214; and 
Gregory A. Brans, Reg. No. 33,656 

Send correspondence to: 

Ian D. MacKinnon 
Honeywell, Inc. 
Honeywell Plaza MN 12-8251 
P.O. Box 524 

Minneapohs, Minnesota 55440-0524 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are beheved to be trae; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon, I further declare that I understand the content of this declaration. 



Full name of sole or first inventor: Burgess R^ Johnson 
Inventor's Signature tliMAMMS KM 

Residence: Bloomington, M^nesota [/ Citizenship U.S.A. 

Post Office Address: 3701 West 103'^ Street, Bloomington, Minesota 55431 



Date Vl/l7/9^ 



Full name of second or joint iiwento W^i Yang 
Inventor's Signature / / A-/"^^ ^^-^^ 



Residence: Minnetonka, Mi^ 
Post Office Address: 38i: 
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1.56 Duty to disclose information material to patentability. 

(a) A patent by its very nature is affected with a pubhc interest. The public interest is best served, and the most effective patent 
examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the teachings of all information 
material to patentability. Each individual associated with the filing and prosecution of a patent application has a duty of candor and good faith m 
dealing with the Office, which includes a duty to disclose to the Office all information known to that individual to be matenal to patentability as 
defined m this section. The duty to disclose information exists with respect to each pending claim until the claim is cancelled or withdrawn from 
consideration, or the application becomes abandoned. Information material to the patentability of a claim that is cancelled or withdrawn from 
consideration need not be submitted if the information is not material to the patentability of any claim remaining under consideration m the 
appHcation. There is no duty to submit information which is not material to the patentability of any existing claim. The duty to disclose all 
information known to be material to patentability is deemed to be satisfied if all information known to be material to patentability of any claim 
issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by §§1.97(b)-(d) and 1.98. However, no patent will 
be granted on an appUcafion in connection with which fraud on the Office was practiced or attempted or the duty of disclosure was violated 
through bad faith or intentional misconduct. The Office encourages apphcants to carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution of a patent application believe any pending 
claim patentably defines, to make sure that any matenal information contained therein is disclosed to the Office. 

(b) Under this section, information is matenal to patentability when it is not cumulative to information aheady of record or being 
made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a pnma facie case of unpatentability of a claim; or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability rehed on by the Office, or 
(li) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a claim is unpatentable under the 
preponderance of evidence, burden-of-proof standard, giving each term m the claim its broadest reasonable construction consistent with the 
specification, and before any consideration is given to evidence which may be submitted m an attempt to establish a contrary conclusion of 
patentability 

(c) Individuals associated with the filing or prosecution of a patent application withm the meaning of this section are: 

(1) Each inventor named m the application: 

(2) Each attomey or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the application and who is associated with 
the inventor, with the assignee or with anyone to whom there is an obligation to assign the application. 

(d) Individuals other than the attomey, agent or inventor may comply with this section by disclosing information to the attomey, 
agent, or inventor. 
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